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(57) Abstract 

A method and system for 
controlling the quality of a weld 
during a weld process includes 
using an automated welding ap- 
paratus (16) to apply a weld bead 
(10) along a weld seam (12) to 
join a first work piece (18) to 
a second work piece (18). The 
weld seam (12) is the area be- 
tween the work pieces (18) which 
receives the weld bead (10). Sur- 
faces of the weld seam are mea- 
sured to determine weld seam 
(12) characteristics such as seam 
shape, misfit in a seam, seam gap, 
and surface irregularities. A weld 
seam (12) profile is determined 
based on the measurements of the 
weld seam (12). A desired weld 
bead profile is predicted based 
on the weld seam profile. Op- 
timal welding parameters for the 
weld process are determined to 
achieve the desired weld bead 
profile (34). As the automated 
welding apparatus (16). applies 
the weld bead (10) along the weld 
seam (12), weld bead character- 
istics are measured to define the 
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actual weld bead profile (34). The desired weld bead profile is compared to the actual weld bead profile (34) and the desired weld bead 
profile. Modifications may include changing wire speed, travel speed, torch position, torch angles, or other various welding parameters. - 
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Description 

METHOD AND SYSTEM FOR CONTROLLING WELD 
GEOMETRY FEATURES FOR IMPROVED FATIGUE 
5 PERFORMANCE OF FABRICATED STRUCTURES 

Technical Field 

The present invention relates generally to 
methods for modifying weld control parameters in an 
10 automated welding process based on measurements of a 
weld bead features and measurements of a weld seam 
taken before the weld bead is applied. 

Background Art 

15 A welding process is used to join one metal 

work piece to a second metal work piece by bringing 
abutting surfaces from the two work pieces into a 
molten state. A welded joint is subjected to high 
stresses resulting from high application loads and 

20 residual stresses that pre-exist in the joint due to 

localized heating and cooling cycles that occur during 
the welding process. The quality of a welded joint 
directly relates to the fatigue resistance of the 
joint as it experiences these high stresses. 

25 Typically, a weld bead is applied along the 

abutting surfaces of the work pieces during the 
welding process. The abutting surfaces form a weld 
seam or weld joint between the work pieces. This weld 
bead is received within the seam and extends along the 

3 0 length of seam as directed by a controller used in an 
automated welding process. If the geometry of the 
weld bead is poor, the life of the welded joint will 
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be short. For example, if the weld includes a sharp 
notch between the weld bead and the work piece, the 
joint will usually have a short fatigue life. When 
using an automated welding process it is important to 
5 monitor characteristics of the weld bead to ensure 

that the weld bead is within a predetermined range of 
parameters. One important weld bead characteristic to 
monitor is the weld toe radius, which is formed at the 
interface between the weld bead and the work piece. If 
10 a certain weld bead characteristic is not within an 
acceptable parameter range, corrections need to be 
made to the welding process to ensure the quality of 
the weld bead. It is also important to monitor 
characteristics of the weld seam to anticipate any 
15 seam irregularities that could possibly affect the 

quality of the weld bead. If seam irregularities are 
detected, corrections can be made to the welding 
process to improve the quality of the weld bead as it 
is applied. Thus, it is important to have a method 

2 0 for modifying welding control parameters in an 

automated welding apparatus by monitoring the weld 
seam and the weld bead to continuously provide the 
highest quality weld bead and for ensuring high 
fatigue resistance . 
25 The present invention is directed to a 

system for controlling the quality of a weld during a 
weld process comprising of a first work piece and a 
second work piece supported relative to said first 
work piece to define a weld seam therebetween. In 

3 0 addition, there is a first sensor for measuring weld 

seam characteristics to produce a weld seam signal 
representing a weld seam profile and an automated 
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welding apparatus . for applying a weld bead along said 
weld seam to join said first work piece to said second 
work piece and a second sensor for measuring weld bead 
characteristics to produce a weld bead signal 
representing an actual weld bead profile and a 
controller for comparing said weld seam signal to said 
weld bead signal and modifying the weld process if 
there is a difference between the weld seam signal and 
the weld bead signal. 



Disclosure of the Invention 

In one aspect of this invention, a method 
for controlling the quality of a weld during a weld 
process where the weld process includes an automated 
15 welding apparatus for applying a weld bead along a 

weld seam to join a first work piece to a second work 
piece, includes the steps of: measuring weld seam 
characteristics to obtain a first set of data; 
determining a weld seam profile based on the first set 
20 of data; predicting a desired weld bead profile based 
on the weld seam profile; determining optimal welding 
parameters for the weld process to achieve the desired 
weld bead profile; applying the weld bead along the 
weld seam; measuring weld bead characteristics to 
25 obtain a second set of data for defining an actual 
weld bead profile; comparing the desired weld bead 
profile to the actual weld bead profile; and modifying 
the weld process if there is a difference between the 
actual weld bead profile and the desired weld bead 
30 profile. 

In another aspect of this invention, a 
method for controlling the quality of a weld during a 
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weld process where the weld process includes an 
automated welding apparatus with a feed- forward 
controller and a feedback controller for applying a 
weld bead along a weld joint, includes the steps of: 
5 measuring weld joint characteristics to obtain a first 
set of data; determining a weld joint profile based on 
the first set of data; predicting optimal welding 
parameters for the weld process to achieve an optimal 
weld bead profile based on the weld joint profile; 
10 generating a feed- forward prediction signal 

representing the optimal welding parameters; applying 
the weld bead along the weld joint; measuring weld 
bead characteristics to obtain a second set of data 
for defining an actual weld bead profile; generating a 
15 feedback measurement signal representing the actual 

weld bead profile; comparing the feedback measurement 
signal to the feed-forward prediction signal; and 
modifying the weld process in real time if there is a 
difference between the feed- forward prediction signal 
2 0 and the feedback measurement signal. 

In still another aspect of this invention, a 
system for controlling the quality of a weld during a 
weld process includes a first work piece and a second 
work piece supported relative to said first work piece 

2 5 to define a weld seam therebetween. In addition, 

there is a first sensor for measuring weld seam 
characteristics to produce a weld seam signal 
representing a weld seam profile and an automated 
welding apparatus for applying a weld bead along said 

3 0 weld seam to join said first work piece to said second 

work piece and a second sensor for measuring weld bead 
characteristics to produce a weld bead signal 
representing an actual weld bead profile. In addition, 
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there- is a controller for comparing said weld seam 
signal to said weld bead signal and modifying the weld 
process if there is a difference between the weld seam 
signal and the weld bead signal . 

5 

Brief Description of the Drawings 

For a better understanding of the present 
invention, reference may be made to the accompanying 
drawings in which: 
10 FIG. 1 is a profile of a weld bead on a work 

surface; and 

FIG. 2 is a schematic diagram of the subject 
automated welding process control system is a block 
diagram of an electronic control system. 

15 

Best Mode for Carrying Out the Invention 

Referring now to the drawings, wherein like 
numerals indicate like or corresponding parts 
throughout the several views, a weld bead 10 is 

20 generally shown in FIG. 1. The weld bead 10 is laid 
along a weld seam or joint 12 that exists between 
abutting surfaces 14 of work pieces that are to be 
joined together. The weld seam 12 is defined as an 
area that exists between work pieces where the weld 

25 bead 10 is to be laid. The weld seam 12 has several 
geometric characteristics including seam gap and seam 
surface profiles. The seam gap is defined as the 
distance between two edges of work pieces along the 
seam. The seam gap can vary, i.e. narrow or widen, 

3 0 along the length of the seam 12. The seam surface 

profile is defined as the surfaces along the edges of 
the work pieces and includes any surface 
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irregularities that might affect the weld bead 10 as 
it is applied during the welding process. 

The automated welding process and system 
that is used to control the quality of a weld bead 10 
5 is shown schematically in FIG. 2. An automated 

welding apparatus 16 is used to apply the weld bead 10 
along the weld seam 12 between work pieces 18. 
Preferably the welding apparatus is a robotic welding 
device powered by a power supply 26, however, other 
10 automated welding devices known in the art could also 
be used. Before the weld bead 10 is applied, the work 
piece 18 must be prepared for the welding process and 
attached to a fixture or other holding device. This 
step is shown schematically at 20 in FIG. 2. 
15 T he welding apparatus 16 includes a feed- 

forward controller 22 and a feedback controller 24. 
The feed- forward controller 22 is used to analyze weld 
seam 12 characteristics while the feedback controller 
24 is used to analyze weld bead 10 characteristics. 
2 0 Together, the feed- forward 22 and feedback 24 

controllers are used to determine the optimal welding 
process parameters that are used by the welding 
apparatus 16 to apply the weld bead 10 to the weld 
seam 12. These parameters include for example, wire 
25 speed, travel speed, power supply, torch position, 

torch angle, and other various parameters known in the 
art. The feed-forward 22 and feed back 24 controllers 
are preferably computer processing units, however, 
other computational deviceis known in the art could be 
30 used. 

The method for controlling the quality of a 
weld during a weld process includes measuring weld 
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seam characteristics 28 to obtain a first set of data 
to be processed by the feed-forward controller 22. 
The weld seam characteristics that are measured 
include seam gap, the angle between seam surfaces and 
seam contours. The step of measuring weld seam 
characteristics can be accomplished by any of various 
methods. For example, the surface of weld seam 12 can 
be scanned with a vision sensor before initiating the 
welding process to obtain the first set of data. The 
vision sensor used in this process can be any of 
various vision sensors known in the art, but the 
vision sensor is preferably a laser vision camera. 

Optionally, a plurality of points can be 
measured along the weld seam 12 with a tactile sensor 
15 before initiating the welding process to obtain a 
plurality of spatial coordinates for creating the 
first set of data. The tactile sensor can be mounted 
to a robotic arm, which moves along a pre -determined 
path to touch various points along the weld seam 12. 
20 Note that both of these options scan the 

weld seam 12 prior to initiation of the welding 
process. The welding process parameters are then 
determined based on this pre-weld scan. With these 
two methods, once the welding process has started, new 
25 data cannot be sent to the feed- forward controller 24 
to update the welding parameters in real time. 

A third method allows the weld seam 12 to be 
scanned real time during the welding process to 
provide real time data to the feed- forward controller 
30 22. The feed-forward controller 22 can use this 
continuous input of weld seam data to update the 
welding parameters real time. This third method 
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involves measuring weld seam characteristics by 
scanning surfaces of the weld seam 12 with a vision 
sensor during the welding process to obtain the first 
set of data. Thus, the weld seam 12 is scanned just 
5 prior to receiving the weld bead 10. 

The first set of data, i.e. the weld seam 
data, is created based on measurements of the seam 
shape and seam gap. Basically, the first set of data 
includes information that is used to map the entire 
10 surface of the weld seam including any surface 

irregularities that might affect the weld bead 10 when 
it is applied. 

The first set of data is received and stored 
in the feed-forward controller 22. The feed-forward 
15 controller 22 uses the first set of data to determine 
a weld seam profile, i.e. a map of the surface of the 
weld seam 12 . Based on the measured weld seam 
characteristics, a main controller 3 0 predicts optimal 
welding parameters to achieve a desired weld bead 
20 profile. The main controller, the feed-forward 

controller 22, and the feedback controller 24 can be 
included within one computational device such as a 
standard computer, however, the controllers 22, 24, 30 
are shown separately in FIG. 2 for description 
25 purposes. Once the optimal welding parameters for the 
weld process have been determined, the welding 
apparatus .16 applies the weld bead 10 along the weld 
seam 12 . 

The weld bead characteristics are then 
3 0 measured 3 2 to obtain a second set of data for 

defining an actual weld bead profile 34. The second 
set of data is processed by the feedback controller 24 
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which works in conjunction with the feed -forward 
controller 22 to modify the weld process parameters to 
achieve a high quality, optimal weld bead 10 for the 
existing weld seam 12. The weld bead can be scanned 
5 with a vision sensor, such as a laser vision camera in 
real time to provide immediate feedback on weld bead 
shape. Thus,, predictions of the desired weld bead 
profile and the weld process parameters can be 
modified in real time based on the first and second 
10 sets of data being continuously collected as the weld 
bead 10 is applied along the weld seam 12 . 
Optionally, the weld process parameters can be 
modified in real time based on the continuously 
updated second set of data and the initial measured 
15 weld seam characteristics in the first set of data. 

The desired weld bead profile is then 
compared to the actual weld bead profile 34 and the 
weld process is modified if there is a difference 
between the actual weld bead profile 34 and the 
20 desired weld bead profile. Weld process parameters 
such as travel speed and weld torch position, for 
example, can be modified to improve the quality of the 
weld bead 10. An error signal 36 can be generated if 
there is a difference between the actual weld bead 
25 profile and the desired weld bead profile to initiate 
the process for modifying the welding parameters. 

The main controller 3 0 can use a neural 
network analysis process to analyze the first and 
second sets of data to determine optimal welding 
3 0 parameters. . The neural network analysis process uses 
a neural network that has been trained from empirical 
data to predict the welding procedure that is required 
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to optimize the welding process to give the best 
surface profile, side wall fusion, and root 
penetration for the weld bead 10. 

The main controller 3 0 can also use 
statistical populated and analyzed data for 
determining optimal welding process parameters. This 
statistical analysis is an empirical determination of 
optimal welding process parameters based on the 
correlation between input process parameters and 
measured weld bead profile 34 descriptors such as weld 
toe radius as well as others. 

Both methods rely on empirical data to build 
models as bases for predictions of welding parameters. 
Empirical data is data that originates or is based on 
15 observation, experience or experiment. Thus, the data 
collected from the scans of the weld seam 12 and the 
weld bead 10 is used to build the empirical models 
which are then used to determine the optimal welding 
parameters to achieve the best weld bead profile. 
20 A 11 important weld bead characteristic that 

can easily be used to determine quality of a weld bead 
10 is the weld toe 44. The weld toe 44 has a weld toe 
radius, which is formed at the interface between the 
weld bead and the work piece. The weld toe radius can 
25 be determined by using the second set of data. The 
measured weld toe radius can then be compared to a 
desired weld toe radius determined from the desired 
weld bead profile. The weld process can be modified if 
there is a difference between the desired weld toe 
radius and the weld toe radius derived from the second 
set of data. 



30 
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In one embodiment, a feed- forward prediction 
signal 3 8 is generated representing the optimal 
welding parameters for the weld process to achieve the 
desired weld bead profile. A feedback measurement 
5 signal 40 is generated representing the measured weld 
bead characteristics used to define an actual weld 
bead profile. These signals 38, 4 0 are received by 
the main controller 30 which compares the signals 38, 
4 0 and modifies the weld process if there is a 
10 difference between the feed-forward prediction signal 
3 8 and the feedback measurement signal 40. The main 
controller 3 0 then sends out a control signal 42 
representing the modified welding process parameters, 
which are used to control the welding apparatus 16 as 
15 it applies the weld bead 10. 

Using a feed- forward controller 22 for 
analyzing weld seam characteristics and a feedback 
controller 24 for analyzing weld bead characteristics 
to control and modify welding process parameters 
20 greatly improves the quality of the weld bead 10. 
Also, being able to use the feed- forward 22 and 
feedback 24 controllers to modify welding process 
parameters in real time greatly improves overall 
welding process efficiency. Parts that have been 
25 welded by using this method have improved fatigue 

resistance and are less likely to include weld bead 
flaws, such as sharp notches, which significantly 
decrease the fatigue life of a part. 

The invention has been described in an 
3 0 illustrative manner, and it is to be understood that 
the terminology which has been used is intended to be 
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in the nature of- words of description rather than of 
limitation. 

Obviously, many modifications and variations 
of the present invention are possible in light of the 
5 above teachings. It is, therefore, to be understood 
that within the scope of the appended claims, wherein 
reference numerals are merely for convenience and are 
not to be in any way limiting, the invention may be 
practiced otherwise than as specifically described. 

10 

Industrial Applicability 

The present invention relates generally to 
methods for modifying weld control parameters in an 
automated welding process based on measurements of the 

15 a weld bead and measurements of a weld joint taken 

before the weld bead is applied. A controller is used 
to varying the weld process parameters if the weld 
bead profile is determined to be different than 
desired weld bead profile. 

-° Other aspects, objects and advantages of the 

present invention can be obtained from a study of the 
drawings, the disclosure and the appended claims. 
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Claims 



1. A method for controlling the quality of 
a weld during a weld process, the weld process 
5 including an automated welding apparatus (16) for 
applying a weld bead (10) along a weld seam (12) to 
join a first work piece (18) to a second work piece 
(18), the method comprising the steps of: 

measuring weld seam characteristics (28) to 

10 obtain a first set of data; 

determining a weld seam profile based on the 

first set of data; 

predicting a desired weld bead profile based 

on the weld seam profile; 
15 determining optimal welding parameters for 

the weld process to achieve the desired weld bead 
profile; 

applying the weld bead (10) along the weld 

seam (12) ; 

20 measuring weld bead characteristics (32) to 

obtain a second set of data for defining an actual 
weld bead profile (34) ; 

comparing the desired weld bead profile to 

the actual weld bead profile (34) ; and 
25 modifying the weld process if there is a 

difference between the actual weld bead profile (34) 
and the desired weld bead prof ile (34) . 

2. A method as set forth in claim 1, 
3 0 including the step of generating an error signal (36) 
if there is a difference between the actual weld bead 
profile (34) and the desired weld bead profile (34) . 
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3. A method as set forth in c i aim ± 
wherein the step of measuring weld seam 
characteristics ( 28) includes measuring seam 
for determining a seam shape 

5 

4. A method as set forth in claim 3 
wherein the step of measuring weld seam 

teZ::TT u i: cs l2a) inciudes measuri - * — 

10 f T ^buttang surfaces (14) of the weld seam M 2 ) 
10 for determining a seam gap. ^ 

5 - A method as set forth in claim 4 
xncludxng the step of creating the first set of data 
based on measurements of the seam ^ 
15 seam angle. ^ SSam ga P and 



6 . A method as set forth in claim 1 
f thS StS * ° f -asuring weld seam 
characteristics (28) includes the step of scannina 
surfaces (28) of the Weld ^ J — g 

-nsor before initiating the welding process t L a ■ 
the fi rst set of data. ln 

7 . a method as set forth in claim 1 
W Srein Ste * ° f -asuring weld seam 

T^TT S - ±nClUdeS ° f ~ng a 

Plural t y of poxnts along the weld seam (la) with a 

tactxle sensor before initiating the welding process 

tlT ln 9 PlUrali ^ ° f coordinates Lr 

creating the first set of data. 
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8. A method as set forth in claim 1, 
wherein the step of measuring weld seam 
characteristics (2 8) includes the steps of scanning 
surfaces of the weld seam (12) with a vision sensor 

5 during the welding process to obtain the first' set of 
data . 

9. A method as set forth in claim 8, 
further including the steps of modifying predictions 

10 for the desired weld bead profile real ime based on 
the first set of data being continuously collected as 
the weld bead (10) is applied along the weld seam 
(12) . 

!5 10. A method as set forth in claim 1, 

including the step of using a neural network analysis 
process for determining optimal welding parameters . 

11. A method as set forth in claim 1, 

20 including the step of using a statistical analysis 
process for determining optimal welding parameters. 

12. A method as set forth in claim 1, 
wherein the step of measuring weld bead 

25 characteristics (32) includes the steps of scanning 
surfaces of the weld bead (10) in real time with a 
vision sensor during the welding process to obtain the 
second set of data. 

2° 13. A method as set forth in claim 12, 

further including the steps of determining a weld toe 
radius based on the second set of data, comparing the 
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weld toe radius to a desired weld toe radius derived 
from the desired weld bead profile, and modifying the 
weld process if there is a difference between the 
desired weld toe radius and the weld toe radius 
5 derived from the second set of data. 

14. A method as set forth in claim 1, 
wherein the automated welding apparatus (16) includes a 
feed- forward controller (22) and a feedback 

10 controller (24) , and the method further includes the 
steps of generating a feed- forward prediction signal 
(3 8) representing the optimal welding parameters for 
the weld process to achieve the desired weld bead 
profile, generating a feedback measurement signal (40) 

15 representing measured weld bead characteristics used 
to define an actual weld bead profile (34) , comparing 
the feedback measurement signal (40) to the feed- 
forward prediction signal (3 8) , and modifying the weld 
process in real time if there is a difference between 

20 the feed-forward prediction signal (38) and the 
feedback measurement signal (40) . 

15. A method as set forth in claim 14, 
wherein modifying the weld process further includes 

25 the steps of modifying travel speed of a welding torch 
along the work pieces . 

16. A method as set forth in claim 14, 
wherein modifying the weld process further includes 

3 0 the steps of modifying weld torch position in relation 
to the work pieces . 
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17. A method for controlling the quality of 
a weld during a weld process, the weld process 
including an automated welding apparatus (16) with a 
feed- forward controller (22) and a feedback controller 
5 (24) for applying a weld bead (10) along a weld joint 
(12) , the method comprising the steps of : 

measuring weld joint characteristics (2 8) to 
obtain a first set of data; 

determining a weld joint profile based on 
10 the first set of data; 

predicting optimal welding parameters for 
the weld process to achieve an optimal weld bead 
profile based on the weld joint profile ; 

generating a feed- forward prediction signal 
15 (38) representing the optimal welding parameters; 

applying the weld bead (10) along the weld 
joint (12) ; 

measuring weld bead characteristics (32) to 
obtain a second set of data for defining an actual 
2 0 weld bead profile (34) ; 

generating a feedback measurement signal 
(4 0) representing the actual weld bead profile (34) ; 

comparing the feedback measurement signal 
(4 0) to the feed- forward prediction signal (3 8) ; and 
25 modifying the weld process in real time if 

there is a difference between the feed- forward 
prediction signal (38) and the feedback measurement 
(40) signal. 



30 



18. A method as set forth in claim 17, 
further including the step of modifying weld process 
speed parameters when there is a difference between 
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the feed- forward prediction signal (38) and the 
feedback measurement signal (40) . 

19. A method as set forth in claim 17, 
5 further including the step of modifying weld process 
power supply parameters when there is a difference 
between the f eed-f orward prediction signal (3 8) and 
the feedback measurement signal (40) . 

10 20. A method as set forth in claim 17, 

further including the step of modifying a weld torch 
angle and weld torch position formed between a weld 
torch and the weld joint when there is a difference 
between the feed- forward prediction signal (3 8) and 

15 the feedback measurement signal (40) . 

21. A system for controlling the quality of 
a weld during a weld process comprising: 
a first work piece (18) ; 

2 0 a second work piece (18) supported relative 

to said first work piece to define a weld seam (12) 
therebetween ; 

a first sensor for measuring weld seam 
characteristics (2 8) to produce a weld seam signal 
25 representing a weld seam profile; 

an automated welding apparatus (16) for 
applying a weld bead (10) along said weld seam (12) to 
join said first work piece (18) to said second work 
piece (18) ; 

3 0 a second sensor for measuring weld bead 

characteristics (32) to produce a weld bead signal 
representing an actual weld bead profile (34) ; and 
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a controller (30) for comparing said weld 
seam signal to said weld bead signal and modifying the 
weld process if there is a difference between the weld 
seam signal and the weld bead signal. 

5 

22. A system as set forth in claim 21, 
wherein said controller (3 0) includes a feed- forward 
controller (22) for predicting a desired weld bead 
P r ofile based on the weld seam profile and for 

10 determining optimal welding parameters for the weld 
process to achieve the desired weld bead profile. 

23. A system as set forth in claim 22, 
wherein said controller (3 0) includes a feedback 

15 controller (24) for defining the actual weld bead 

profile (34)- and for comparing the desired weld bead 
profile to the actual weld bead profile (34) . 

24. A system as set forth in claim 21, 

2 0 including an indicator for indicating when there is a 
difference between said weld seam signal and said weld 
bead signal . 

25. A system as set forth in claim 21, 
25 wherein said first sensor (32) is a laser vision 

camera for scanning said weld seam (12) to obtain said 
weld seam profile. 

.26. A system as set forth in claim 21, 
30 wherein said first sensor (32) is a tactile sensor for 
touching a plurality of weld seam points to obtain 
said weld seam profile. 
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27. A system as set forth in claim 21, 
wherein said second sensor (32) is a laser vision 
camera for scanning said weld bead (10) to obtain said 
5 actual weld bead profile (34) . 
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